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ABSTRACT  Phylogenetic  relationships  among  the  Hybopsis  amblops  species 
group  were  examined  using  allozymic  variation  at  23  presumptive  gene  loci  in 
combination  with  14  morphological  characters.  Qualitative  analyses  using 
allozymes  and  morphological  data  resulted  in  up  to  14  equally  parsimonious  trees, 
the  strict  consensus  of  which  is  (//.  hypsinotus  (//.  rubrifrons  (H.  amblops  {H. 
lineapunctata,  H.  amnis,  H.  winchelli,  H.  sp.))))  for  the  ingroup  taxa.  Quantitative 
analyses  incorporating  estimates  of  allelic  frequencies  revealed  a  maximum  differ- 
ence of  only  1.06  steps  among  15  alternative  trees,  of  which  (//.  hypsinotus  (H. 
rubrifrons  (H.  amblops  (H.  sp.  (//.  amnis  (H.  winchelli,  H.  lineapunctata))))))  is  the 
shortest  tree.  Hybopsis  amnis  and  a  clade  consisting  of  H.  lineapunctata  and  H. 
winchelli  are  part  of  a  group  of  species  whose  vicariance  is  associated  with  the 
Mississippi  River  Basin.  In  addition,  this  analysis  indicates  a  possible  vicariance 
event  above  and  below  the  Fall  Line  within  the  Mobile  System  between  H.  winchelli 
and  H.  lineapunctata.  Hybopsis  amblops  and  H.  amnis  may  not  be  sister  taxa,  and 
therefore,  may  not  show  a  vicariant  distribution.  A  sister-group  relationship  be- 
tween H.  winchelli  and  H.  sp.,  an  undescribed  species  east  of  the  Mobile  Drainage, 
was  not  supported,  providing  additional  evidence  that  H.  sp.  is  an  independent 
lineage  awaiting  formal  description.  Morphological  and  allozymic  data  provide 
complementary  phylogenetic  infonnation  in  this  study. 

Key  Words:  Hybopsis;  Allozymes;  Historical  biogeography;  Phylogeny;  Polymor- 
phism. 
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The  Cyprinidae  includes  more  than  2010  species  of  minnows  and  carps 
found  throughout  North  America,  Africa,  and  Eurasia  (Nelson,  1994).  In 
North  America,  there  are  302  described  and  undescribed  species  in  at  least 
50  genera  (Burr  and  Mayden,  1992). 

Composition  of  the  minnow  genus  Hyhopsis  has  been  controversial  for 
most  of  its  taxonomic  history  (Reno,  1969).  The  genus  Hyhopsis  was 
erected  by  Agassiz  (1854)  for  an  Alabama  cyprinid  he  named  H.  gracilis 
(later  recognized  as  H.  amhlops).  Jordan  and  Evermann  (1896)  expanded 
Hyhopsis  to  include  the  previously  recognized  genera  Hyhopsis, 
Ceratichthys,  Nocoinis,  Erinemus.  and  Erimystax.  Their  subgenus  Hyhopsis 
included  the  species  H.  amhlops  (including  H.  winchelli),  H.  lahrosus  (later 
recognized  as  H.  lahrosa),  H.  hypsinotus,  and  H.  storerianus  (later  recog- 
nized as  Macrhyhopsis  storeriana).  Jordan  (1924;  1929)  chose  to  elevate 
the  subgenera  Hyhopsis,  Nocomis,  Erinemus.  Erimystax,  Extrariiis, 
Macrhyhopsis,  and  Yuriria  to  generic  status.  Jordan  (1929)  placed  most  of 
the  species  previously  in  the  subgenus  Hyhopsis  {H.  amhlops,  H.  lahrosus, 
H.  ruhrifrons,  H.  hypsinotus,  and  H.  storerianus)  in  his  resurrected  genus 
Erinemus.  Jordan  (1929)  and  Jordan  et  al.  (1930)  placed  the  species  H. 
gracilis  with  the  Alhurnops  and  the  Chriope  species  groups  {of  Notropis)  in 
the  newly  reorganized  genus  Hyhopsis.  In  1951,  Bailey  placed  the  genera 
Nocomis,  Hyhopsis,  Yuriria,  Erimystax,  Platygohio,  Macrhyhopsis, 
Extrarius,  Oregonichthys,  and  Couesius  in  a  much-expanded  genus 
Hyhopsis.  This  larger  version  of  the  genus  Hyhopsis.  although  controver- 
sial at  the  time,  remained  mostly  intact  until  Lachner  and  Jenkins  (1967) 
elevated  yV(9CYW//s  once  more  to  generic  status.  Bailey  et  al.  (1970)  listed  16 
species  in  the  genus  Hyhopsis.  but  noted  that  some  authors  would  place 
some  of  these  taxa  in  Erimystax.  Extrarius.  Macrhyhopsis,  Oregoniclithys. 
and  Platygohio.  These  authors  also  elevated  Couesius  to  generic  status. 
Jenkins  and  Lachner  (197 1 )  and  Lachner  and  Jenkins  ( 197 1 )  reviewed  the 
composition  and  characterization  of  the  genus  Hyhopsis.  They  recognized 
seven  subgenera:  Hyhopsis,  Yuriria.  Erimystax,  Platygohio,  Macrhyhopsis, 
Extrarius,  and  Oregonichthys.  The  subgenus  Hyhopsis  of  Jenkins  and 
Lachner  (1971)  comprised  H.  amhlops.  H.  ruhrifrons,  H.  hypsinotus,  H. 
lahrosa,  H.  sp.,  cf.  lahrosa  (now  H.  zanema),  and  H.  storeriana.  Clemmer 
(1971)  recognized  the  genus  Hyhopsis  and  added  H.  winchelli,  H.  sp.,  cf. 
winchelli.  H.  lineapunctata  (described  in  Clemmer  and  Suttkus,  197 1 ),  and 
H.  amnis.  Robins  et  al.  (1980)  listed  17  species  in  the  genus  Hyhopsis, 
including  two  newly  recognized  species,  H.  lineapunctata  and  H.  zanema. 
Other  differences  from  the  1970  list  included  removal  of//,  harperi  to 
Notropis  and  recognition  of  //.  insignis. 

The  composition  of  the  genus  Hyhopsis.  indeed  even  its  validity,  remains 
controversial.  Mayden  (1989)  revised  the  genus  Hyhopsis,  removed  //. 
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storeriana  to  Macrhybopsis,  and  added  H.  hoii^f^i,  H.OcaPerms,  H. 
dorsalis,  H.  longirosths,  H.  sahinae.  H.  sp.,  cf.  lahrosa.  H.  alhorus,  and  H. 
hifrenatus.  He  based  this  revision  on  three  morphological  characters  shared 
by  this  group  of  17  species  plus  Evicytnha  huccata.  He  also  partially 
resolved  relationships  among  members  of  the  genus  Hyhopsi.s.  In  contrast, 
Robins  et  al.  (1991)  and  Coburn  and  Cavender  (1992)  did  not  recognize 
this  genus  at  all.  They  considered  Notropis  amhlops,  N.  hypsinotus.  N. 
lineapiinctata,  N.  rubhfrous,  N.  winchelli,  and  A',  amnis  to  be  members  of 
the  genus  Notropis,  subgenus  Hybopsis.  Page  and  Burr  (1991)  recognized 
H.  amblops,  H.  hypsinotus,  H.  lineapiinctata,  H.  rubrifrons,  H.  winchelli, 
H.  amnis,  H.  labrosa,  and  H.  zanenia  as  the  sole  members  of  the  genus 
Hxbopsis.  Wiley  and  Titus  (1992)  examined  relationships  among  members 
of  the  H.  dorsalis  species  group  and  placed  Ericymba  in  synonomy  with 
Hybopsis.  Mayden  et  al.  (1992)  included  as  many  as  25  described  and 
undescribed  species  in  the  genus  Hybopsis. 

Regardless  of  the  classification,  six  species  comprise  a  monophyletic 
group  in  recent  phylogenetic  studies  (Mayden,  1989;  Coburn  and  Cavender, 
1992).  These  species  and  an  undescribed  species  are  here  placed  in  the 
Hvbopsis  amblops  species  group.  They  are  distributed  largely  east  of  the 
Mississippi  River  Basin,  although  one  taxon  is  distributed  from  the  Missis- 
sippi River  Basin  westward  along  the  Gulf  Coastal  Plain  to  the  Guadalupe 
River  Basin  (Lee  et  al.,  1980).  These  seven  species  are  H.  amblops 
(Rafinesque,  1820),  H.  hypsinotus  (Cope,  1870),  H.  rubrifrons  (Jordan, 
1877),  H.  lineapiinctata  Clemmer  and  Suttkus,  1971,  //.  amnis  (Hubbs  and 
Greene,  1951)  (in  Hubbs,  1951),  H.  winchelli  (Girard.  1857),  and  an 
undescribed  species  first  noted  by  Clemmer  (1971),  H.  sp.,  cf.  winchelli. 

The  distributions  of  Hybopsis  amblops,  H.  amnis,  H.  winchelli,  and  H. 
sp.  may  be  the  result  of  vicariant  allopatric  speciation  (Wiley  and  Mayden, 
1985).  If//,  amhlops  and  //.  amnis  are  sister  taxa,  they  would  join  a  group 
of  species  whose  vicariance  event  is  associated  with  the  Mississippi  River. 
Hybopsis  winchelli  and  its  presumed  sister  //.  sp.  occur  from  the  eastern 
tributaries  of  the  Mississippi  River  to  the  Ocklocknee  River  in  Florida. 
These  two  forms  are  not  found  in  sympatry;  the  Mobile  Bay  Basin  fonns  a 
boundary  between  them. 

To  address  the  nature  of  speciation  events,  taxonomic  issues,  and  char- 
acter evolution,  a  phylogeny  is  needed.  However,  phylogenetic  relation- 
ships among  the  species  of  the  Hybopsis  amhlops  species  group  have  not 
been  explicitly  investigated.  The  purpose  of  this  investigation  is  to  further 
evaluate  relationships  among  species  of  the  //.  amhlops  species  group 
using  allozymic  data  in  combination  with  previously  described  morpho- 
logical variation. 
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METHODS  AND  MATERIALS 

Taxa  examined. — All  seven  members  of  the  Hybopsis  amblops  species 
group  are  included  in  the  ingroup. 

The  first  taxonomic  outgroup  is  Hybopsis  zanema,  which  represents  the 
H.  zanema  species  group,  composed  of  H.  zanema.  H.  lahrosa  and  an 
undescribed  species,  the  thinlip  chub.  The  monophyly  of  this  group  is 
supported  by  four  morphological  synapomorphies  (Mayden,  1989).  The 
monophyly  of  a  group  comprising  the  H.  amblops  species  group  and  the  H. 
zanema  species  group  is  supported  by  six  morphological  synapomorphies 
(Mayden,  1989)  as  well  as  allozyme  data  (Dimmick,  1993). 

Because  of  poor  phylogenetic  resolution  of  more  distantly  related  taxa, 
choice  of  a  second  taxonomic  outgroup  was  unclear.  For  this  reason,  the 
outgroup  substitution  method  of  Donoghue  and  Cantino  (1984)  was  em- 
ployed. Each  of  three  species,  Hybopsis  boucardi,  H.  dorsalis,  and  H. 
buccata,  were  substituted  in  turn,  as  the  second  taxonomic  outgroup  in 
cladogram  construction.  Hybopsis  boucardi  was  chosen  to  represent  the 
Mexican  group  of  Hybopsis  (sensu  Mayden,  1989;  Mayden  et  al.,  1992). 
Mayden  (1989)  presented  a  single  morphological  character  that  unites  H. 
boucardi  with  a  group  consisting  of  the  H.  amblops  and  H.  dorsalis  species 
groups  but  noted  that  this  synapomorphy  is  convergent  with  the  genus 
Cyprinella.  Hybopsis  dorsalis  was  chosen  to  represent  the  H.  dorsalis 
species  group  (Wiley  and  Titus,  1992).  Hybopsis  buccata  was  designated 
the  outgroup  by  Wiley  and  Titus  (1992)  for  their  analysis  of  the  phylogeny 
of  the  H.  dorsalis  species  group,  but  the  relationship  of//,  buccata  to  the  H. 
dorsalis  species  group  and  the  rest  of  the  genus  Hybopsis  is  unclear. 

Cyprinella  lutrensis  was  used  as  the  third  taxonomic  outgroup.  This 
species  is  clearly  outside  the  genus  Hybopsis,  and  these  two  genera  are 
demonstrably  monophyletic  and  part  of  a  larger  group  of  North  American 
cyprinids  that  share  an  open  posterior  myodome  (Mayden,  1989). 

Enzyme  electrophoresis. — Fishes  were  collected  by  seining,  frozen 
immediately  in  liquid  nitrogen,  transported  to  the  laboratory,  and  stored  at 
-70°C  for  up  to  6  yr  (see  Appendix — Specimens  Examined).  Skeletal 
muscle  and  brain/eye  tissues  were  dissected  and  homogenized  separately  in 
a  1:1  (v:v)  mixture  oftissue  and  0.01  MTris,  0.001  M  EDTA,  and  0.001  M 
mercaptoethanol,  pH  6.8.  Homogenates  were  centrifuged  at  15,000  x^^  for 
10  min  at  5°C.  Within  72  h,  the  supernatant  fractions  were  electrophoresed 
at  5°C  on  horizontal  starch  gels  composed  of  12%  hydrolyzed  potato  starch 
(Starch  Art  Corp.).  Histochemical  staining  protocols  did  not  differ  substan- 
tially from  those  of  Murphy  et  al.  (1990). 

Enzyme  nomenclature  follows  the  recommendations  of  the  Interna- 
tional Union  of  Biochemistry  Nomenclature  Committee  (1984)  and  locus 
nomenclature  follows  the  recommendations  of  Buth  (1983).  Enzymes,  loci. 
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tissue  sources,  and  electrophoretic  conditions  are  listed  in  Table  1 .  Twenty- 
seven  presumptive  gene  loci  were  visualized  by  histochemical  staining. 
Each  electromorph  was  considered  an  allele,  and  for  each  locus  these 
alleles  were  coded  a,  b.  c.  etc.,  in  order  of  increasing  anodal  mobility. 
These  designations  are  relevant  to  this  study  only.  Twenty-three  variable 
loci  were  then  each  considered  independent  transformation  series  (TS),  and 
each  allele  for  a  locus  was  considered  a  unique  character  (TS  1-TS  23, 
Table  2). 

Morphological  characters. — Fourteen  morphological  characters  were 
included  in  this  study.  These  characters  are  redescribed  here  using  the 
character-state  assignments  for  each  taxon  given  by  Mayden  (1989).  Trans- 
formation series  and  character  numbers  refer  to  those  presented  in  Table  2. 

TS  24 — The  premaxillary  process  of  the  maxilla  is  high  ( 1 )  or  low  (0).  All 
members  of  the  genus  Hyhopsis  (sensu  Mayden,  1989)  share  Character 
1,  as  do  some  members  of  Cyprinella.  Cyprinella  lutrensis  has  Charac- 
ter 0. 

TS  25 — The  maxillary  process  of  the  palatine  is  an  expanded, 
anterolaterally  directed  flange  that  is  broadly  connected  to  the  body  of 
the  palatine  (1),  or  if  expanded,  is  an  anteriorly  directed,  fingerlike 
process,  not  as  broadly  connected  to  the  body  of  the  palatine  (0).  All 
Hybopsis  share  Character  1 ,  as  do  members  of  the  Notropis  volucellus 
species  group. 

TS  26 — The  palatine  has  a  long,  deep,  anteroventrally-to-posterodorsally 
directed  pocket  between  the  vomerine  and  supraethmoid  processes  on 
the  mesial  surface.  This  pocket  is  posteriorly  restricted  by  a  mesially 
directed  ridge  from  the  supraethmoid  process  (1),  or  it  is  a  small, 
shallow,  depressed  area  not  posteriorly  restricted  by  a  ridge  (0).  The 
preethmoid  lies  in  this  pocket  or  depressed  area.  Members  of  the  genus 
Hybopsis  and  the  Notropis  volucellus  species  group  share  Character  1. 

TS  27 — The  body  of  the  maxilla  is  high  ( 1 )  or  low,  forming  a  narrow 
isthmus  between  the  ascending  process  and  the  premaxillary  and  rostral 
processes  (0).  Character  1  occurs  in  Hybopsis  boucardi,  H.  zanema,  all 
members  of  the  H.  amblops  species  group,  and  some  members  of  the 
genus  Cyprinella.  Cyprinella  lutrensis  has  a  comparatively  low  maxil- 
lary body  (Character  0). 

TS  28 — The  bony  portion  of  the  mandibular  canal  partially  or  entirely 
overlies  the  retroarticular  bone  (1),  or  entirely  overlies  the 
anguloarticular  bone  (0).  Character  1  is  shared  by  the  Hybopsis  zanema 
and  H.  amblops  species  groups.  This  transformation  series  also  was 
discussed  by  Coburn  (1982). 

TS  29 — The  interhyal  is  long  (1)  or  short  and  stout  (0).  Character  1  is 
shared  by  the  Hybopsis  amblops  and  H.  zanema  species  groups. 
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Table  1 .  Enzymes,  loci.  International  Union  of  Biochemistry  Nomenclature  Com- 
mittee numbers,  tissue  sources,  and  electrophoretic  conditions  for  examination  of 
the  Hybopsis  amblops  species  group. 


Electro- 

Tissue 

phoretic 

Enzyme 

lUBNC  No. 

Locus 

source 

conditions* 

Aconitate  hydratase 

4.2.1.3 

M-Acon-A 

Muscle 

A 

Adenosine  deaminase 

3.5.4.4 

Ada-A 

Muscle 

A 

Adenylate  kinase 

2.7.4.3 

Ak-A 

Brain/eye 

B 

Calcium  binding 

Nonspecific 

Cbp-1 

Muscle 

C 

proteins 

Cbp-2 

Muscle 

C 

Creatine  kinase 

2.7.3.2 

Ck-A 

Muscle 

C 

Ck-B 

Brain/eye 

B 

Ck-C 

Brain/eye 

B 

Fumarate  hydratase 

4.2.1.2 

Fum-A 

Muscle 

D 

General  protein 

Nonspecific 

Gp-1 

Muscle 

C 

Glucose-6-phosphate 

1.1.1.49 

G6pdh-B 

Brain/eye 

D 

dehydrogenase 

Glucose-6-phosphate 

5.3.1.9 

Gpi-A 

Muscle 

A 

isomerase 

Gpi-B 

Muscle 

A 

Glyceraldehyde-3- 

1.2.1.12 

Gapdh-A 

Muscle 

D 

phosphate 

Gapdh-B 

Brain/eye 

D 

Glyceraldehyde-3- 

1.2 

.1.12 

phosphate 

dehydrogenase 

Glycerol-3-phosphate 

1.1 

.1.8 

dehydrogenase 

Isocitrate 

dehydrogenase 

1.1 

.1.42 

L-Lactate 

1.1 

.1.27 

dehydrogenase 

Malate  dehydrogenase 

1.1 

.1.37 

(NAD"'"-dependent) 

Malate  dehydrogenase 

1.1 

.1.40 

(NADP+-dependent) 

Phosphogluconate 

1.1 

.1.44 

dehydrogenase 

Triose  phosphate 

5.3 

.1.1 

G3pdh-A  Muscle 


D 


isomerase 


M-Icdh-A 

Muscle 

D 

Ldh-A 

Brain/eye 

B 

Ldh-B 

Brain/eye 

B 

M-Mdh-A 

Brain/eye 

D 

S-Mdh-A 

Brain/eye 

D 

S-Mdh-B 

Muscle 

D 

S-Me-A 

Muscle 

D 

Pgdh-A 

Brain/eye 

B 

Tpi-A 

Brain/eye 

B 

Tpi-B' 

Brain/eye 

B 

Tpi-B- 

Brain/eye 

B 

*A:  Tris-citrate  I  pH  7.0  (a  discontinuous  buffer  system  using  0.22  M  TRIS  and 
0.09  M  citric  acid  for  the  electrode  and  0.01  M  TRIS  and  0.003  M  citric  acid  for  the 
gel),  5.S8  V/cm  8  h;  B:  Tris-citrate  I-NADP  pH  7.0,  5.88  V/cm  8  h;  C:  Histidine- 
citrate  pH  7.0  (Fildes  and  Harris,  1966),  5.59  V/cm  8  h;  D:  Tris-citrate  II  pH  8.0 
(Selander  et  al.,  1971 ),  5.59  V/cm  8  h. 
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TS  30 — Hypobranchial  1  is  enlarged,  much  larger  than  Hypobranchial  2 
(1),  or  small,  nearly  equal  in  size  to  Hypobranchial  2  (0).  Character  1  is 
shared  by  the  Hybopsis  zanema  and  H.  amhlops  species  groups. 

TS  31 — Basibranchial  1  is  elongate,  approaching  Basibranchial  2  in  length 
( 1 ),  or  short,  about  half  the  length  of  Basibranchial  2  (0).  Character  1  is 
shared  by  the  Hybopsis  amblops  and  H.  zanema  species  groups. 

TS  32 — The  posterior  portion  of  the  parasphenoid  is  broad,  such  that  near 
the  foramen  for  the  carotid  artery  it  is  much  wider  than  near  the  opening 
of  the  posterior  myodome  ( 1 ),  or  narrow,  such  that  the  posterior  external 
margms  are  nearly  parallel  (0).  Character  1  is  considered  unique  to  the 
Hybopsis  zanema  and  H.  amblops  species  groups  among  all  North 
American  cyprinids. 

TS  33 — In  life,  the  orbit  and  eye  are  oval  ( 1 )  or  round  (0).  Character  1  is 
shared  by  the  Hybopsis  amblops  and  H.  zanema  species  groups. 

TS  29-TS  33  were  originally  described  by  Wiley  and  Mayden  (1985)  as 
diagnostic  of  the  Hybopsis  amblops  species  group,  but  Mayden  (1989) 
showed  that  they  are  synapomorphic  for  a  group  comprising  the  H. 
amblops  and  H.  zanema  species  groups. 

TS  34 — The  horizontal  plate  of  the  urohyal  is  truncated,  usually  broadest 
posteriorly  and  longest  in  the  midline  (1 ),  or  elongate  laterally  to  form 
two  lateral  processes  and  usually  broadest  from  midlength  anteriorly 
(0).  Character  1  is  shared  by  the  Hybopsis  amblops  species  group,  but 
also  occurs  in  some  Notropis  and  Phenacobius. 

TS  35 — The  urohyal,  near  the  neck,  has  two  pointed,  thickened, 
posterolaterally  directed  processes  ( 1 ),  or  lacks  these  processes  (0). 
Members  of  the  Hybopsis  amblops  species  group  share  Character  1 
(Wiley  and  Mayden,  1985),  but  it  is  also  present  in  Macrhybopsis 
storeriana,  some  Phenacobius,  and  some  Notropis  hudsonius  (Mayden, 
1989). 

TS  36 — The  vomerine  process  of  the  palatine  is  posteriorly  directed  ( 1 ), 
ventrally  directed  (2),  or  anteriorly  directed  (0).  Hybopsis  amnis,  H. 
amblops,  H.  winchelli,  and  H.  sp.  share  Character  1.  Character  2  is 
unique  to  H.  lineapmictata.  All  other  North  American  cyprinids  have 
Character  0  (Mayden,  1989). 

TS  37 — The  depression  on  the  anterodorsal  face  of  the  palatine  between 
the  supraethmoid  and  maxillary  processes  is  well  developed  ( 1 )  or 
shallow  (0).  Character  1  occurs  in  Hybopsis  lineapunctata,  H.  amnis,  H. 
winchelli,  and  H.  sp. 

Phylogenetic  analyses. — The  underlying  methodology  for  this  study  is 
phylogenetic  parsimony  analysis  (Hennig,  1966;  Kluge  and  Farris,  1969; 
Wiley,  1981;  Farris,  1983;  Churchill  et  al.,  1985;  Farris  and  Kluge,  1985, 
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1986).  The  precept  that  all  available  evidence  must  be  brought  to  bear  on 
any  statement  about  relationships  (Kluge,  1989)  is  also  adhered  to. 
Outgroup  comparison  was  used  because  it  is  the  most  comprehensive 
method  for  polarizing  hypotheses  of  transformation  (Stevens,  1980;  Farris, 
1982;  Kluge,  1984.  1985;  Brooks  and  Wiley,  1985). 

Three  levels  of  phylogenetic  analysis  were  performed.  The  first  was  a 
qualitative  analysis  using  PAUP  3.0s  (Swofford,  1991).  Any  transforma- 
tion series  with  more  than  two  characters  was  left  unordered.  All  possible 
trees  were  examined  using  the  exhaustive  search  option.  The  polymoiphic 
option  was  used  in  which  PAUP  interprets  variation  observed  for  a  single 
taxon  as  having  been  derived  from  a  monomorphic  ancestor.  Thus,  all  but 
one  of  the  observed  characters  are  considered  derived  for  the  terminal 
taxon.  DELTRAN  optimization  was  used  because  we  assumed  that  there 
are  an  essentially  infinite  number  of  possible  alleles  (infinite  alleles  model) 
for  any  locus. 

In  the  second  level  of  analysis,  equally  parsimonious  topologies  result- 
ing from  each  of  the  outgroup  substitutions  were  analyzed  quantitatively 
using  FREQPARS  (Swofford  and  Berlocher,  1987;  Swofford,  1988).  Both 
allelic  frequencies  and  morphological  transformation  series  were  included; 
the  moiphological  transformation  series  were  treated  as  fixed  alleles  in  the 
taxa  in  which  they  occur.  Results  of  this  level  of  analysis  are  used  to  discuss 
the  phylogenetic  relationships  of  the  ingroup  taxa  and  to  examine  the 
evolution  of  particular  transformation  series  in  the  third  level  of  analysis. 

The  third  level  was  a  qualitative  analysis  of  character  evolution.  PAUP 
forces  all  polymorphisms  to  be  derived  between  each  terminal  taxon  and  its 
most  recent  common  ancestor.  However,  using  character  argumentation 
(Wiley  et  al.,  1991)  it  is  possible  to  reexamine  the  distribution  of  these 
characters  and  their  transformations.  For  example,  when  sister  taxa  share 
the  same  polymorphism,  it  is  more  parsimonious  to  assert  that  the  polymor- 
phism was  present  in  their  most  recent  common  ancestor.  Each  polymor- 
phic character  was  reexamined  to  determine  its  most  parsimonious  distri- 
bution on  the  tree. 

RESULTS 

Presumptive  loci  and  alleles. — Of  the  27  presumptive  loci  examined, 
no  variation  was  observed  for  Cbp-2,  Gp-1,  Gapdh-B,  and  Tpi-B'.  Geno- 
typic  frequencies  for  the  23  variable  loci  are  provided  in  Table  3. 

Qualitative  analysis. — Variable  alleles  and  morphological  features 
were  combined  to  produce  a  qualitative  data  matrix  (Table  2).  These  data 
then  were  analyzed  using  the  outgroup  substitution  method  previously 
discussed. 

PAUP  analysis  resulted  in  12  equally  parsimonious  123-step  trees  when 


FISHES  OF  THE  HYBOPSIS  AMBLOPS  SPECIES  GROUP 


11 


O/J 


3  -a 
o    c 

<u  -a 

1^ 


It 

■b"  S 


o  :^ 

c/3  i; 

C/2  ?< 

c  ^ 


~5  II 

^'  I 

II  ^ 

I-  ~ 

o  ^ 

-a  ^ 


c 


OJ 

> 


«  .ii 


o 

a    o 

3     C 
O"    O 


2      I 


.-•   I 
C:     II 


(U 


•s-g 


II  -§ 


■a 


o 


3  c/5 

.2  Q 

^  I 

>  2e 


o 

X 

3 

o 

'^ 

'*~^ 

^ 

C/1 
CO 

*— 

(U 

^ 

•*fc 

C3 

^ 

c/5 

cx 

c 
o 


£  5:  .5 


rt  ^ 


c« 
C3 

> 

II 
>> 

_o 

^ 

X) 

3 

n. 
o 

Xi 

< 

T3 

x: 

C/3 

■3 

3 
O 

1 1 

'•V- > 

'5. 
>> 

5; 

o 

o 

II 

c 

c 

C/D 

c 

(U 

o 

'c/3 

O 

X 

S 

^ 

"^ 

03 
N 

c 

c/5 

rt 

-** 

r^ 

U. 

_l> 

(C 

3 

OJ 

^^ 

r^ 

s: 

c 

s 

H 

H 

o 

-Q 

II 

D. 

t/5 


a; 


5Sj 

I 

C 
03 


to 


C 
O 


O 
Cu 

■a 
c 
a 

c« 

U 

OJ 


c 


c 
B 


X) 

S 

C3 


X 
3 
I. 


a. 


c 

N 


3 
O 

o 


00 


-C5 


^    OO    rn 


rj  in 


-Cl 


r~- 


o 

X 

-C3 

■^ 

^   ^ 

t-H 

Tt    ^ 

o 
Id 

5"     ^ 

^    ^ 

^ 

o 

3 

^ 

X 

S' 

-o 

* 

* 

m 

4— > 

a 

^_^ 

■""■ 

-Q 

-C 

e 
o 


—  m  oi 

^   "--  (N 


^    C) 


-C5    -Q 


-O    -C) 


r- 


—   (N   r^i   r^i 


m 


a 
a 


00 


c^ 


-C) 


in 


r^ 


>n 


T— I 


^^  as  IT) 


oo 


^ 
O 


r^i 


ITj 


-C5 


in 


r- 


■C 

-C5 


r^ 


<3 


^ 


ri 


On    00    ^ 

-C5     to     ;j 
-Q    -Cl     to 


-^    (N 


O    C\l 


m; 


in 


^ 
Q 


in  — 


-C:     -.o 


— '    ^ 


< 


< 


X 

U 


< 
U 


12 


UNIV.  KANSAS  NAT.  HIST.  MUS.  OCC.  PAP.  No.  172 


3 

'■4— » 

C 

o 
U 


I 

c 

03 


Co 


C 
O 


3 
O 

a. 


VO 

^ 

tT 

\c 

vO 

2^  ?^ 

ci 

r^ 

(N 

ri 

ri 

(Zl 

"«' 

^ 

-^ 

-^ 

■^ 

"*"*    -<^ 

a 

tij 

-C 

'-' 

'- 

^ ^ 

^^ 

^_^ 

^ 

_,_^ 

.— .     .1-. 

C 

00 

00 

00 

oc 

> — > 

—  ^ 

T-iH 

^—4 

1—^ 

,— « 

*— ' 

-—^    1—1 

5 

?3 

^ 

-c 

^ 

■^ 

"^  s 

Q 

^ 

-C: 

^ 

•>-  ^ 

^ 

^ 

^^ 

_ 

_ 

_ 

c 

m 

r<-r 

r<^ 

r<-) 

<N 

' — 1 

E 

1— << 

^^ 

^^ 

VM 

"•^-^ 

<~^ 

■s^^ 

^,_,^ 

s^^ 

S^^ 

s^^ 

cd 

Q 

^ 

-O 

W 

;j 

^ 

a 

<ij 

-C 

'^ 

^ 

^ 

B 


3 


& 
>. 

x: 


T3 
C 

03 
N 

a 

aj 

(U 

tj 

K 

3 

U- 

O 

on 

x> 

o 

T3 


O 

3 


3 
O 

o 


(N 


Q 
a 


m 


^  — 


Q 

a 


r- 


Q 
Q 


"3 


VC 


Q 
a 


^  3 


QQ 

r 

U 


ri 


ti* 
^ 


00 


c  m 


00 


r- 

Q 


^      -xf 


ITj 


U 

u 


r-- 


^ 

H 


t^ 


to 


i/~, 


\D 


D  ri 


</~, 


>/~, 


r- 


(3 


VO 


U. 


PQ 
I 

s: 

-a 

O 


o  "n 


—   00  -^  -^   -^ 


<r,  (N 


o 


Vl 

i/~, 

— 

—    vO 

(N    c^i    —    — 

<— « 

^« 

• — ' 

-— '      ^-^ 

■«.— '       N^         s_^        s_^ 

-,_^ 

>    ^ 

■t3 
<3 

^^  ^-^ 

FISHES  OF  THE  HYBOPSIS  AMBLOPS  SPECIES  GROUP 


13 


t3 
1) 

3 
_C 

4—1 

C 

o 
U 


I; 

c 


l>0 


c 
o 


3 

o 


03 


3 


-o 

C3 

c 

N 

C3 

c« 

<U 

o 

(U 

3 

a. 

o 

(yO 

X) 

o 

T3 


3 


3 
U 
O 


r^i 


t^    ITi    — 


^^  jfc^ 


t^   — 


^.5 


—   —   ^1/", 


^ 


'^  00  m 


V.   ^-^ 


VO 


00 


Q 
Q 


<3 


^ 


in   — . 


00 


00 


iri 


iri   ON 


5j 


ir-, 


'^  n 


Q 

Q 


Q 
« 


vO 


CQ 

I 

'S. 

o 


JC 

^ 

■a 

-a 

D- 

D. 

c« 

r<-, 

a 

o 

00 


:§ 

o 

o 

« 
Q 

^^^ 

^ 

_ 

„ 

^ 

m 

1-~< 

ri 

*"*"< 

(^ 

^— 

■^-^ 

•— • 

— « 

.— 1 

.^ 

^ 

^ 

^ 

~2 

(N 

(N 

r? 

CN 

^-( 

^H 

i-H 

,~^ 

5' 

O 
^ 

I 

m 


§ 

^ 
O 

<3 
C3 

?r 

>n 

m 

o\ 

— 

in 

§ 

s 

S 

3 

P 

t^ 

^ 

Q 

^ 

a 
Q 

13     Q 


t^ 


Q 

Q 


^ 


o 

o 

U 
Q 

§ 

Q 
Q 

^ 

^ 

r<^ 

—    ^    r^  fN 

^ 

^ 

CnT 

CT 

^ 

(n 

m 

Q 
Q 

^ 
Q 

■3 

^ 
^ 

<3 

14 


UNIV.  KANSAS  NAT.  HIST.  MUS.  OCC.  PAP.  No.  172 


3 
_C 

c 
o 
U 


•S 
<o 

T3 

C 


C 
O 


3 
O 

a 


C 


c 
E 

03 


s 

C3 


3 


13 

03 

N 

C3 

c« 

.« 

o 

J^ 

3 

D- 

O 

cn 

X) 

o 


3 
Xi 


3 
CJ 
O 


00 


c<-) 


(N 


t^ 


ITi 


Q 

Q 


^ 


^ 

O) 


00 


5 


5" 


^ 


r- 


5" 


\o 


ri    rr-j 


X 
T3 


J2 
T3 


5^ 


oo 


5^ 


rn 


5u 


(N 


—  u-i 


in 


^ 
^ 


>n 

O  (""-i    r<-i 

T^  "3=  ~2 

r^  oo 


^  (N 


"3 


r) 

"a 


•o 


m 


!3 


r- 


a 
Q 


C  S  S  S  C 

s    3    c  -Q    o 


o 

o 


(3 


VO 


■a 


OD 


>n 


I 


05 


^   r-~ 


m 


-a 


>n 


:<3 


S 
^ 


5U 


< 

I 

I 

C/5 


FISHES  OF  THE  HYBOPSIS  AMBLOPS  SPECIES  GROUP 


15 


T3 
(U 

3 

C 

o 
U 


C 
03 


C/3 

o 


3 

a- 
o 
&. 


c 


c 
S 

03 


3 

l-H 


x; 


c 

N 

o3 

in 

.- 

"o 

(U 

3 

D. 

O 

CO 

X3 

o 
•a 


o 

3 
X) 


(N 


s 

^ 


s 

^ 


—    —    (N    — 


—    ^ 


■S=§ 


«10 

Co 


—    r^i   ri    —    r-l    —    n-i 


Q     Q     Q   ^ 


O    i/~j    — 


en 

1 

3 

43 

O 

-o 

o 

bO 

J 

Oh 

—  n 


—    ^ 


r)   r«-- 


fN      _r^ 


r«-j    00    "* 


00 


m 


:§ 

fT 

(N 

y-^ 

y-^. 

% 

l/~, 


1/-I 


Q 

a 


?3 


o 


<3 


Q 
^ 


CL, 


pa 


C/3 

<u 
1) 

C 
(U 

03 
CL, 


■  p  -^ 
&  s 

O      O 

r-      oc 

C      03 
O     3 


(U 


0=    ^ 

^     P 

=     I 

03     G 

^'    1 

-o  = 
D.  « 

OS 

CI.   H 

o  :; 

I     *-" 

O.    (U 

•^  -J 
U  * 
*    * 


16  UNIV.  KANSAS  NAT.  HIST.  MUS.  OCC.  PAP.  No.  172 

Hybopsis  zanema  was  the  first  taxonomic  outgroup.  H.  dorsalis  was  the 
second  taxonomic  outgroup,  and  Cyprinella  lutrensis  was  the  third  taxo- 
nomic outgroup  (Fig.  I).  For  these  trees,  the  consistency  index  (CI)  (for 
informative  characters)  is  0.575;  the  retention  index  (RI)  is  0.778  and  the 
rescaled  consistency  index  (RC)  is  0.727.  All  topological  differences  among 
the  trees  involve  the  relationships  among  H.  lineapunctata,  H.  amnis,  H. 
winchelli,  and  H.  sp.  Eight  synapomoiphies  support  the  monophyly  of  the 
H.  amhlops  species  group  (Fig.  1 ).  These  characters  are  as  follows:  Ada-A 
(TS  2-b),  Ck-A  (TS  5-/?),  G6pdh-B  (TS  9-r),  G3pdh-A  (TS  13-r),  Ldh-B 
(TS  16-^),  Pgdh-A  (TS  21 -J),  a  truncated  urohyal  plate  (TS  34-1),  and  the 
presence  of  pointed  and  thickened  urohyal  processes  (TS  35-1).  Hybopsis 
hypsinotus  is  the  sister  group  of  the  remaining  species  of  the  group.  The 
monophyly  of  the  remaining  species  is  supported  by  four  synapomoiphies, 
all  of  which  are  allozymic:  Fum-A  (TS  8-/7).  S-Mdh-A  (TS  18-e'),  S-Me-A 
(TS  20-/?),  and  Tpi-B-  (TS  23-/?).  Within  this  clade,  H.  rubiifrons  is  the 
most  basal  lineage.  The  monophyly  of  the  remaining  five  taxa  is  supported 
by  the  presence  of  a  posteriorly  directed  vomerine  process  (TS  36-1). 
Hybopsis  amblops  is  the  sister  taxon  to  the  remaining  members  of  this 
group.  The  monophyly  of//,  lineapunctata,  H.  amnis,  H.  winchelli,  and  //. 
sp.  is  supported  by  three  synapomorphies:  Ck-C  (TS  7-e),  Gapdh-A  (TS 
\2-b),  and  a  deep  palatine  depression  (TS  26-1). 

Using  Hybopsis  buccata  as  the  second  taxonomic  outgroup  resulted  in 
12  equally  parsimonious  122-step  trees  (CI  =  0.578;  RI  =  0.788;  RC  = 
0.743).  Six  synapomorphies  support  the  H.  amblops  species  group  in  this 
analysis:  G6pdh-B  (TS  9-t),  Gpi-B  (TS  11-/),  Ldh-B  (TS  16-/?),  Pgdh-A 
(TS  2\-d),  and  the  conditions  of  the  urohyal  plate  (TS  34-1)  and  the  urohyal 
process  (TS  35-1)  (Fig.  2).  As  in  the  first  analysis  using  H.  dorsalis  as  the 
second  taxonomic  outgroup,  there  was  conflict  among  trees  concerning 
relationships  among  //.  sp.,  //.  amnis,  H.  winchelli,  and  //.  lineapunctata. 

Using  Hybopsis  houcardi  as  the  second  taxonomic  outgroup  resulted  in 
14  equally  parsimonious  124-step  trees  (CI  =  0.586;  RI  =  0.788;  RC  = 
0.743).  Six  synapomorphies  support  the  //.  amblops  species  group:  Ck-A 
(TS  5-b),  G6pdh-B  (TS  9-c),  Ldh-B  (TS  16-/?),  Pgdh-A  (TS  21 -J),  urohyal 
plate  (TS  34-1),  and  urohyal  process  (TS  35-1)  (Fig.  3).  These  trees  are  14 
of  the  15  dichotomous  resolutions  of  the  clade  including  //.  lineapunctata, 
H.  amnis,  H.  winchelli,  and  H.  sp.  In  all  other  respects,  the  relationships 
among  the  taxa  and  the  character  support  for  each  clade  within  the  //. 
amblops  species  group  are  the  same  as  when  H.  dorsalis  or  //.  buccata 
were  the  second  taxonomic  outgroups  (cf.  Figs.  1-3). 

In  summary,  all  three  analyses  are  similar  in  their  support  for  relation- 
ships within  the  Hybopsis  amblops  species  group,  but  differ  slightly  in  their 
support  for  the  monophyly  of  the  group.  Synapomorphies  supporting  the 
monophyly  of  the  group  that  are  common  to  all  three  analyses  include  the 
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Fig.  1.  Strict  consensus  of  12  equally  parsimonious  123-step  trees,  showing 
character  support  for  relationships  when  Hybopsis  dorsalis  is  the  second  taxonomic 
outgroup.  Bars  =  synapomorphies. 
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Fig.  2.  Strict  consensus  of  12  equally  parsimonious  122-step  trees,  showing 
character  support  for  relationships  when  Hyhopsis  buccata  is  the  second  taxonomic 
outgroup.  Bars  =  synapomorphies. 
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Fig.  3.  Strict  consensus  tree  of  14  equally  parsimonious  124-step  trees,  show- 
ing character  support  for  relationships  when  Hyhopsis  houccirdi  is  used  as  the 
second  taxonomic  outgroup.  Bars  =  synapomorphies. 
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two  morphological  characters  (TS  34-1,  TS  35-1)  and  alleles  at  three 
presumptive  loci  (G6pdh-B,  Ldh-B.  and  Pgdh-A). 

Quantitative  analysis. — All  of  the  equally  parsimonious  trees  resulting 
from  the  qualitative  analyses  were  examined  using  FREQPARS.  In  addi- 
tion, alternate  dichotomous  resolutions  for  relationships  among  Hyhopsis 
Uneapimctata,  H.  amnis,  H.  winchelli,  and  H.  sp.  were  examined.  A  total  of 
45  trees  was  examined,  15  with  each  substitution  of  the  second  outgroup 
(//.  dorsalis,  H.  huccata,  or  H.  houcardi).  Minor  differences  in  tree  lengths 
were  observed,  regardless  of  the  outgroup  used.  Tree  lengths  varied  from 
115.72  to  116.78  steps  when  H.  dorsalis  was  the  second  outgroup,  from 
1 14.66  to  1 15.72  steps  when  H.  buccata  was  the  second  outgroup,  and  from 
122.90  to  123.96  steps  when  H.  boucardi  was  the  second  outgroup. 

Regardless  of  which  taxon  {Hyhopsis  dorsalis,  H.  buccata,  or  H. 
boucardi)  was  used  as  the  second  outgroup,  the  topology  of  the  shortest 
tree  is  the  same  (Fig.  4).  However,  in  each  case,  only  0.26  steps  separates 
this  tree  from  the  next  shortest  tree,  and  there  was  a  difference  of  only 
slightly  more  than  one  step  across  all  15  trees.  These  small  differences  in 
tree  lengths  indicate  that  the  resolution  of  relationships  among  H. 
lineapunctata,  H.  amnis,  H.  winchelli,  and  H.  sp.  are  tenuous. 

Character  analysis. — Exclusive  of  the  synapomorphies  discussed  for 
the  qualitative  analyses,  there  are  seven  instances  in  which  a  derived  allele 
completely  replaces  the  plesiomorphic  one.  This  evolutionary  replacement 
results  in  fixed  autapomorphies.  Hybopsis  lineapunctata  is  autapomorphic 
in  its  possession  of  Gpi- A  (TS  \0-d).  Cbp-1  (TS  4-r)  is  uniquely  fixed  in//. 
amnis.  Hybopsis  hypsinotus  appears  to  be  autapomoiphic  for  five  alleles: 
Ck-C  (TS  1-g),  Fum-A  (TS  8-a),  Gpi-A  (TS  10-/?),  S-Mdh-A  (TS  18-/?), 
and  S-Me-A  (TS  20-J). 

Character  argumentation  in  conjunction  with  DELTRAN  optimization 
provides  evidence  that  some  polymorphisms  have  persisted  through  specia- 
tion  events.  Other  resolutions  of  the  Hybopsis  sp.  -i-  //.  amnis  +  H.  winchelli 
+  H.  lineapunctata  clade  result  in  a  maximum  of  seven  polymorphisms 
postulated  to  have  persisted  through  speciation  events.  Two  of  these  char- 
acter-state optimizations,  however,  conflict  with  one  another.  Ada-A  (TS  2- 
bc)  is  shared  by  //.  amblops,  H.  winchelli,  and  //.  sp.;  Ck-A  (TS  5-bc)  is 
shared  by  //.  lineapunctata  and  H.  winchelli:  and  Gpi-A  (TS  \Q-cd)  is 
shared  by  //.  rubrifrons,  H.  winchelli,  and  //.  sp.  Either  Gpi-B  (TS  W-fh)  is 
shared  by  //.  amblops,  H.  winchelli,  and  H.  sp.  or  Gpi-B  (TS  W-ef)  is 
shared  by  //.  amblops,  H.  sp.,  and  //.  amnis.  G3pdh-A  (TS  \3-ce)  is  shared 
by  //.  amnis  and  H.  sp.  Hybopsis  rubrifrons,  H.  amblops,  and  //.  sp.  share 
Tpi-A  (TS  22-ab).  Three  polymorphisms  persisting  through  speciation 
events  are  evident  using  the  shortest  tree  from  the  quantitative  analysis: 
Ck-A  (TS  5-bc},  Gpi-A  (TS  \0-cd)  and  Gpi-B  (TS  W-ef).  Polymorphisms 
at  Ada-A,  G3pdh-A,  and  Tpi-A  would  be  considered  terminal 
autapomorphies  (Fig.  5). 
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Fig.  4.  Shortest  tree  topology  resulting  from  FREQPARS  analyses,  regardless 
of  the  second  outgroup.  Tree  length  is  1 15.72  steps  when  Hybopsis  dorsalis  is  the 
second  outgroup,  114.66  steps  if//,  hiiccata  is  the  second  outgroup,  and  122.90 
steps  if  H.  boucardi  is  the  second  outgroup. 

After  character  analysis,  some  polymorphic  characters  continue  to  exhibit 
at  least  one  autapoinorphic  allele  in  terminal  taxa.  For  example,  Hybopsis 
hypsinotus  has  both  a  and  h  alleles  for  the  M-Acon-A  locus  (TS  1),  but  it  is 
autapomorphic  for  only  the  a  allele.  In  all,  there  are  36  such  terminal 
autapomorphic  polymorphisms  in  the  H.  amhlops  species  group  when 
DELTRAN  optimization  and  character  argumentation  were  used.  In  con- 
trast, character  analysis  indicated  only  four  derived  losses  of  alleles. 

DISCUSSION 


This  analysis  resolves  the  relationships  of  Hybopsis  rubrifrons  and  H. 
hypsinotus,  which,  previously,  were  considered  part  of  a  trichotomy  with 
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Fig.  5.  Tree  showing  the  character  distributions  for  the  ingroup  taxa,  after  char- 
acter argumentation  and  DELTRAN  optimization  of  polymorphisms.  Bars  = 
synapomorphies;  open  circles  =  rtxed  autapomorphies;  closed  circles  =  autapomorphic 
and  persistent  (synapomoiphic)  polymorphisms;  crosses  =  loss  of  polymorphic  alleles. 

the  remainder  of  the  H.  amhlops  species  group  (Mayden,  1989).  However,  the 
relationships  among  H.  sp.,  H.  amnis,  H.  winchelli,  and  H.  Uneapimctata  were 
not  well  resolved.  Although  the  shortest  tree  resulting  from  the  FREQPARS 
analysis  postulates  that  H.  winchelli  is  the  sister  to  H.  Uneapimctata.  that  these 
two  together  are  the  sister  to  H.  amnis,  and  that  these  three  are  the  sister  to  H. 
sp.,  this  tree  is  only  0.26  steps  shorter  than  the  next  shortest  tree  and  1.06  steps 
shorter  than  the  longest  possible  resolution  of  this  group.  Most  of  the  allelic 
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variation  among  these  taxa  is  distributed  along  temiinal  branches  with  few 
character  changes  along  intemodes.  Short  internodes  are  consistent  with  an 
evolutionary  pattern  of  very  short  time  intervals  between  speciation  events. 
Additional  character  sets  will  be  necessary  to  further  evaluate  species 
relationships  and  character  evolution  in  this  clade. 

Phylogenetic  relationships  among  members  of  the  Hybopsis  amhlops 
species  group  are  relevant  to  the  biogeographic  history  of  the  Gulf  Coastal 
region.  Wiley  and  Mayden  (1985)  found  that  many  pairs  of  aquatic  verte- 
brates along  the  northern  Gulf  Coast  are  sister  species,  with  one  species 
occurring  in  the  Mobile  Bay  Basin  and  drainages  to  the  west  and  the  other 
species  occurring  in  drainages  to  the  east  of  the  Mobile  Bay  Basin.  Although 
the  distributions  of//,  winchelli  and  //.  sp.  are  consistent  with  this  vicariant 
pattern,  our  analyses  suggest  that  they  are  not  sister  taxa  and  their  common 
ancestor  could  not  have  participated  in  this  vicariance  event.  The  distribu- 
tions and  sister  group  relationship  of  //.  amnis  and  //.  lineapimctata  +  H. 
winchelli  are  consistent  with  a  Mobile  Bay  vicariance  event.  Our  analysis 
also  suggests  a  possible  vicariance  event  above  and  below  the  Fall  Line 
within  the  Mobile  River  system.  Hybopsis  lineapimctata  is  found  above  the 
Fall  Line  in  the  Coosa  and  Tallapoosa  rivers,  whereas  its  sister,  //.  winchelli, 
is  found  below  the  Fall  Line  in  the  Mobile  River  system  and  in  Gulf 
Drainages  as  far  east  as  Florida.  Wiley  and  Mayden  (1985)  suggested  that 
H.  amnis  and  H.  amblops  might  be  part  of  a  group  of  species  whose 
vicariance  event  is  loosely  associated  with  the  Mississippi  River.  However, 
we  found  no  support  for  a  sister  group  relationship  between  these  species, 
suggesting  that  these  species  were  not  affected  by  this  vicariance  event. 

Clemmer  (1980)  stated  that  Hybopsis  sp.  might  be  a  species  distinct 
from  //.  winchelli  based  on  differences  in  the  snout  shape,  mouth  position, 
head  length,  and  size  and  position  of  nuptial  tubercles.  Clemmer  (1971; 
1980)  also  suggested  that  H.  sp.  was  most  closely  related  to  //.  winchelli. 
Allelic  variation  provides  little  additional  information  concerning  the  taxo- 
nomic  status  of//,  sp.  All  other  terminal  taxa  in  this  study  have  at  least  one 
unique  character  (although  this  character  is  not  always  fixed),  whereas  //. 
sp.  does  not  exhibit  any  unique  characters.  We  found  no  fixed  allozymic 
differences  between  //.  winchelli  and  //.  sp.,  but  there  were  allelic  fre- 
quency differences  at  10  loci.  Although  the  relationship  of  //.  sp.  to  //. 
amnis.  H.  winchelli,  and  //.  lineapunctata  is  tenuous,  the  shortest  tree  does 
not  support  a  sister-group  relationship  between  H.  sp.  and  //.  winchelli. 
Given  these  relationships,  //.  sp.  should  be  described  as  a  new  species 
because  it  most  closely  resembles  H.  winchelli,  which  is  not  its  sister  taxon, 
and  seems  to  be  an  independent  lineage  (Fig.  5).  Autapomoiphies  for//,  sp. 
would  be  more  readily  inferred  if  this  species  is  found  to  be  the  sister  to  the 
clade  including  H.  amnis,  H.  winchelli,  and  //.  lineapunctata. 

Outgroup  substitution  for  the  second  outgroup  resulted  in  identical 
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ingroup  topologies  but  character  support  for  the  monophyly  of  the  Hyhopsis 
amblops  species  group  differed.  When//,  huccata  was  the  second  outgroup, 
character  states  Ada-A  (TS  2-b),  Ck-A  (TS  5-/?).  and  G3pdh-A  (TS  13-r) 
did  not  support  the  monophyly  of  the  //.  amblops  group.  When  H.  dorsalis 
was  the  second  outgroup,  character  state  Gpi-B  (TS  11-/)  was  not  a 
synapomorphy  for  this  clade.  Likewise,  when  H.  boucardi  was  the  second 
outgroup,  Ada-A  (TS  2-b).  Gpi-B  (TS  11-/),  and  G3pdh-A  (TS  13-c)  were 
not  synapomorphies. 

The  allozymic  and  morphological  data  provide  complementary  evi- 
dence for  relationships  in  the  Hybopsis  amblops  species  group.  Support  for 
the  clade  including  //.  nibrifrons.  H.  amblops.  H.  sp.,  //.  amnis,  H. 
w'inchelli.  and  //.  lineapimctata  is  entirely  based  on  allozymic  characters, 
as  are  the  relationships  among  //.  amnis.  H.  winchelli.  and  //.  lineapimctata. 
However,  morphological  characters  showed  less  homoplasy  (cf.  Fig.  5  and 
Table  2)  and  stabilized  stems  whenever  they  appeared  as  synapomorphies. 
Some  stems  are  supported  by  similar  numbers  of  morphological  and 
allozymic  characters,  such  as  the  clade  including  //.  sp.,  //.  amnis,  H. 
W'inchelli.  and  //.  lineapimctata,  indicating  areas  of  congruence  between 
these  character  sets.  Polymorphisms  also  lend  support  to  clades  when  they 
persist  through  speciation  events,  such  as  electromorph  Gpi-B  (TS  11 -e/), 
which  supports  the  clade  comprised  of  //.  amblops,  H.  sp.,  H.  amnis,  H. 
winchelli,  and  //.  lineapimctata. 
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APPENDIX— SPECIMENS  EXAMINED 

All  material  examined  is  deposited  in  the  ichthyological  collection  of 
the  Natural  History  Museum  of  The  University  of  Kansas.  Vouchers  for  the 
electrophoretic  analysis  include  the  remains  of  actual  specimens  (number 
of  specimens  indicated  in  parentheses). 
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Cyprinella  liitrensis. — Osage  River  Drainage:  KU  22985  (9),  Kansas:  Franklin 
Co.:  Marais  des  Cygnes  River,  2.8  mi  E  Ottawa,  S  Hwy  68.  Missouri  River 
Drainage:  KU  22986  (6),  Kansas:  Douglas  Co.:  Kansas  River  at  Lawrence,  just 
E  Bowersock  Dam. 

Hybopsis  buccata. — Pascagoula  River  Drainage:  KU  22987  (2),  Mississippi:  Perry 
Co.:  Black  Creek  at  Moody's  Landing,  6.0  mi  E  Brooklyn.  Escambia  River 
Drainage:  KU  22988  (6),  Florida:  Escambia  Co.:  Pine  Barren  Creek  at  Hwy  29, 
just  S  Pine  Barren.  Yellow  River  Drainage:  KU  22989  (8),  Alabama:  Covington 
Co.:  Yellow  River  at  Hwy  84,  E  Andalusia. 

Hybopsis  <^o/-5o//'5.— Missouri  River  Drainage:  KU  23008  (15),  Kansas:  Atchison 
Co.:  Deer  Creek  at  Hwy  7,  ca.  1.5  mi  N  Atchison. 

Hybopsis  boucardi. —Bahas  River  Drainage:  KU  22990  (7).  MEXICO:  Oaxaca: 
Rio  Mixteco,  24.4  mi  S  Chazumba  (1.6  mi  S  Cuyotepyi). 

Hylwpsis  zcmema. — Broad  River  Drainage:  KU  22991  (14),  South  Carolina: 
Newberry  Co.:  Indian  Creek,  at  junction  Hwys  176  and  121,  8  mi  S  Whitmire. 

Hybopsis  hypsinotus. — Rocky  River  Drainage:  KU  22992  (1),  North  Carolina: 
Mecklenburg  Co.:  Mallard  Creek  on  Mallard  Creek  Road.  KU  22993  (6),  North 
Carolina:  Mecklenburg  Co.:  Mallard  Creek. 

Hybopsis  rubrifrons. — Savannah  River  Drainage:  KU  22994  (15),  Georgia:  Banks 
Co.:  Grove  Creek  at  Hwy  51,  2.7  mi  SE  Lula.  ex  UAIC  7959. 

Hybopsis  amblops.— Tennessee  River  Drainage:  KU  22995  (15),  Tennessee:  Lewis 
Co.:  Buffalo  River  at  mouth  Grinder's  Creek,  ex  UAIC  7966. 

Hybopsis  lineapunctata. — Alabama  River  Drainage:  KU  22996  (12),  Alabama: 
Bibb  Co.:  Cahaba  River  at  Co.  Rd.  27.  ex  UAIC  7884. 

Hybopsis  amnis. — Red  River  Drainage:  KU  22145  (13  of  14),  Louisiana:  Ouachita 
Parish:  Ouachita  River  at  Lazarres  Park.  W  Monroe. 

Hybopsis  wiiichelli.—B\ack  Warrior  River  Drainage:  KU  22997  (9),  Alabama: 
Tuscaloosa  Co.:  Mill  Creek  at  Hwy  82,  just  W  Tuscaloosa,  ex  UAIC  7914.  KU 
22998  (6),  Alabama:  Tuscaloosa  Co.:  Mill  Creek  at  Hwy  82,  just  W  Tuscaloosa. 
Cahaba  River  Drainage:  KU  22999  (3),  Alabama:  Perry  Co.:  Waters  Creek,  ca. 
15  mi  NW  Selma  on  Hwy  14. 

Hybopsis  sp.— Yellow  River  Drainage:  KU  21895  ( 1  of  2),  Florida:  Okaloosa  Co.: 
Big  Horse  Creek  at  Hwy  2,  2.5  mi  E  junction  with  Hwy  189.  KU  23002  (5), 
Alabama:  Covington  Co.:  Yellow  River  at  Hwy  84,  E  Andalusia.  KU  23006  ( 1 ), 
Florida:  Okaloosa  Co.:  Big  Horse  Creek  at  County  Road  2,  ca.  3  mi  E  Blackman. 
Perdido  River  Drainage:  KU  23000  (4).  Florida:  Escambia  Co.:  Brushy  Creek 
just  W  Walnut  Hill,  1.5  mi  W  junction  of  Hwys  97 A  and  99A  on  Hwy  99A.  KU 
23001  (4),  Alabama:  Baldwin  Co.:  Hollinger  Creek  at  junction  with  dirt  road  3 
mi  W  Hwy  112.  Escambia  River  Drainage:  KU  23003  (1),  Florida:  Escambia 
Co.:  Big  Escambia  Creek  at  Century,  at  Fannie  Road  on  W  side.  Conecuh  River 
Drainage:  KU  23004  (5),  Alabama:  Butler  Co.:  Hawkins  Creek  at  County  Road 
37,  5  mi  S  Greenville.  Choctawhatchee  River  Drainage:  KU  23005  (5),  Ala- 
bama: Geneva  Co.:  Flat  Creek  at  Hwy  153,  4.5  mi  S  and  4  mi  W  Samson. 
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